Autism is a type of pervasive developmental disorder characterized as an abnormality in the brain development. The present review focuses on the causes, diagnosis, pathophysiology theories and treatment interventions for autism. Up to the present the causes of autism are inconclusive, however, from available data, genes and chromosome may involve in the pathogenesis. Other factors are prenatal and postnatal environment such as food allergy, exposure to metals such as mercury and dysfunction in amygdala. Various diagnostic methods are used such as the national autism plan for children (NAPC), the checklist for autism in toddlers (CHAT) and multiagency assessment (MAA). Various interventions such as biologically based interventions, phychodynamic interventions, behavioral therapy, family-based interventions and complementary and alternative medications (CAM) are also presented.
Definition
Autism is a type of pervasive developmental disorder characterized as an abnormality in brain development in children before the age of three years. The manifestations of autism include reciprocal social interaction, impaired communication, and restricted, stereotyped, repetitive behavior. Also the autistic patients show symptoms of phobia, sleeping and eating disturbances, temper tantrums, and aggression 1 . The pervasive developmental disorder is also known as an autistic spectrum disorder. It includes autistic disorder, classic or Kanner's autism, high functioning autism (HFA), Asperger's syndrome, Rett's syndrome, childhood disintegrative disorder (CDD) and pervasive developmental disorders not otherwise specified (PDD-NOS), known as an atypical autism 1, 2 .
Causes of Autism Genetics
Autism has been linked with diseases such as fragile X syndrome and tuberous sclerosis complex 3 . In a mouse model, the deletion of fragile X mental retardation 1 (Fmr1) gene was found to associate with autism. It was found that glycogen synthase kinase-3 (GSK3) activity was increased in brains of Fmr1 gene knockout mice. Chronic lithium administration inhibited GSK3 and ameliorated anxiety-related behaviors such as grooming, rearing, and digging 4 . Tuberous sclerosis also associated with autism. The incidence of tuberous sclerosis complex (TSC) in the autism spectrum disorder is 1 to 4%, whereas the incidence of autism spectrum disorder is present in 16 to 50% of individuals with tuberous sclerosis complex 5, 6 .
The mechanism underlying for this association is as yet unclear but an abnormal TSC gene may influence the development of autism spectrum disorder 5, 6 . Cytogenetic assays are used to determine chromosomal abnormalities. Various genes have been identified to be associated with autism 3, 7, 8 (Table 1 ). The comparative study for cognitive and language skills between 39 siblings with autism (SIBS-A) and siblings with typically developing children (SIBS-TD) at ages 4, 14, 24, 36, and 54 months using the Bayley Scales of Infant Development-2nd Edition (BSID-II), Reynell Developmental Language Scales (RDLS), Kaufman Assessment Battery for Children (K-ABC), Clinical Evaluation of Language Fundamentals-Preschool (CELF-Preschool) and Survey of Clinical and/or Educational Services revealed that higher percentage of SIBS-A showed a delay in cognition and language compared to SIBS-TD ( 30.8 % vs. 5.1%) 9 .
The deletion on chromosome 4q leading to hemizygosity for genes encoding for glutamine and glycine neurotransmitter receptor sub-units (AMPA 2, GLRA3, GLRB) and neuropeptide Shank3/ProSAP2, 22q13 and Neuroligins
Manifestations
Serotonin is important for brain development and hyperserotonemia is observed in autism leading to brain abnormalities.
Excessive glutaminergic activity is involved in epilepsy associated autism disorder.
Upregulated glutamate transporter gene in autism
Oxytocin involved in parturition and lactation shows lower plasma levels in autism.
Engrailed 2 gene misexpression is involved in abnormal cerebellar development.
HOX involved in hindbrain development, appendicular skeletal growth and differentiation of the urogenital system.
DBH involved in conversion of dopamine to norepinephrine. Reduced DBH activity in autism.
SHANK3 (also designated ProSAP2) involved in structural organization of neurotranmsitter receptors in post-synaptic dendritic spines. Neuroligins organizes and matures postsynaptic membranes.
receptors NPY1R, NPY5R was showed to be associated with autism 10 .
Prenatal environment
Teratogenic agents are responsible environmental agents causing birth deformities. Exposure to the teratogenic agents such as thalidomide, valproic acid, misoprostol, or to rubella infection to the mother, in the first eight weeks of conceptional age prone to develop autism was considered to be involved. High level of amniotic testosterone, taking folic acid during pregnancy and exposure to ultrasound waves during pregnancy may cause autism 11, 12 .
Beard et al reported 12 that the correlation between the percentage of prescription prenatal vitamins containing 1 mg folic acid and researchidentified autism incidence was 0.87 [95% confidence interval (CI)=0.19-0.99].They also found that there was a weak association between pediatric vitamins containing folic acid and autism incidence (r=0.62, 95% CI=-0.38-0.95). In conclusion, it seem possible that the high dose (1mg) folic acid may result in nervous tissue damage associated with autism and further study is required to prove this association.
Postnatal environment Amygdala dysfunction
Bilateral amygdala damage in human due to Urbach-Wiethe disease was reported causing of impaired recognition of emotion, theory-ofmind abilities and social distance in autism 13 .
Food allergy associated gastrointestinal (GI) symptoms
Gastrointestinal intestinal epithelial barrier dysfunction known as leaky gut hypothesis contributes to autism. It was observed that children with autism spectrum disorder (ASD) frequently revealed various gastrointestinal (GI) symptoms which may resolve with an diet elimination along with apparent improvement of some of the behavioral symptoms 14 . Evidence suggests that gastrointestinal symptoms in children with ASDs may be partly associated with aberrant (inflammatory) innate immune responses. This may predispose ASD children to sensitization to common dietary proteins, leading to GI inflammation and aggravation of some behavioral symptoms 15 . Non-IgE mediated food allergy was found a higher incidence compared to IgE mediated food allergy in children with autism spectrum disorders (ASDs) 15 .
Mercury (Hg)
Mercury containing products such as eye, ear, nose drugs, bleaching creams, antiseptics, fungicides, herbicides, dental fillings and thermometers, thimerosal-containing vaccines to infants and consumption of Hg containing fish, can precipitate autism by decrease in excretion or exposure to mercury. Elemental Hg and inorganic Hg, after releasing into the air or water, are methylated and rapidly accumulate in animal tissues 16 . HgCl 2 stimulated vascular endothelial growth factor (VEGF) and IL-6 release from human mast cells was reported to cause the disruption of the blood-brain-barrier and brain inflammation in autism. 17 .
Prevalence of Autism
The prevalence of autism had increased from 0.4 to 6 per 1000 children in the past decade particularly in male population with a ratio of 4:1. The higher prevalence may caused by increasing awareness of pediatrician, and improving in autistic screening methods 18 .
Diagnosis of Autism
According to the American Psychiatric Association's Diagnostic and Statistical Manual-IV, Text Revision (DSM-IV-TR) 2 , the diagnostic criteria for autistic disorder is depicted in Table 2 . Parental awareness and pediatrician's knowledge for diagnostic methods (Table 3) , are useful for early detection of autism in young children 19, 20 .
Even diagnosis of autism is confirmed by medical professional, the best and the earliest of autistic screening is mostly contributed by the parents 19 .
It has been found that early detection and immediate implementation of interventions are useful for autism. The checklist for autism in toddlers (CHAT) is a simple screening tool for identification of autistic children for 18 months of age in the United Kingdom. Modified checklist for autism in toddlers (M-CHAT), created in the United States, consists of 23 questions, 9 questions from the original CHAT and 14 questions addressing core symptoms present among young autistic children. Using the screening questions from the M-CHAT combines with the observational section B from the original CHAT yields higher sensitivity and specificity of autistic screening tools 21 . A study of biometric device based on the gas discharge visualization (GDV) technique to assess psycho-emotional and physiological functional state discovered that the sympathetic autonomic nervous system activity was significantly altered in autistic children. However, the biometric method should have more investigating and breakthrough for future endeavors 22 .
Pathophysiology of Autism
Copious theories had been hypothesized for pathophysiology of autism including 1) mirror neuron system theory, 2) underconnectivity theory, 3) neurophysiological therories e.g. mindblindness theory, empathizing-systemizing theory, and executive dysfunction theory 23, 24 .
Mirror neuron system (MNS) theory causes interference in imitation and impairment of social behavior and communication. MNS is the network of pars opercularis, the inferior frontal gyrus and its ventral area 6, the (1), (2), and (3), with at least two from (1), and one each from (2) and (3): 1. qualitative impairment in social interaction, as manifested by at least two of the following: a. marked impairment in the use of multiple nonverbal behaviors such as eyeto-eye gaze, facial expression, body postures, and gestures to regulate social interaction b. failure to develop peer relationships appropriate to developmental level c. a lack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g., by a lack of showing, bringing, or pointing out objects of interest) d. lack of social or emotional reciprocity 2. qualitative impairments in communication as manifested by at least one of the following: a. delay in, or total lack of, the development of spoken language (not accompanied by an attempt to compensate through alternative modes of communication such as gesture or mime) b. in individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation with others c. stereotyped and repetitive use of language or idiosyncratic language d. lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level 3. restricted repetitive and stereotyped patterns of behavior, interests, and activities, as manifested by at least one of the following: a. encompassing preoccupation with one or more stereotyped and restricted patterns of interest that is abnormal either in intensity or focus b. apparently inflexible adherence to specific, nonfunctional routines or rituals c. stereotyped and repetitive motor manners (e.g., hand or finger flapping or twisting, or complex whole-body movements) d. persistent preoccupation with parts of objects B. Delays or abnormal functioning in at least one of the following areas, with onset prior to age 3 years: (1) social interaction, (2) language as used in social communication, or (3) symbolic or imaginative play. C. The disturbance is not better accounted for by Rett's Disorder or Childhood Disintegrative Disorder. 25 .
The underconnectivity theory states that there is abnormal development of the cerebral white matter leading to inappropriate connection within the brain. The synchronization and coordination among the key brain areas e.g. amygdala, brainstem, cerebral cortex, cerebellum, corpus callosum is deteriorated. The various parts of the corpus callosum which responsible for communication between both cerebral hemispheres become smaller as well as the connectivity at the fronto-parietal region is affected 26 .
Neuropsychological theories
There were 4 cognitive theories that had been proposed to explain behavioral pattern of autism.
Mind-blindness theory
Delay in the development of theory of mind (ToM) leads to a state of mind-blindness. For this reason, autistic children have difficulty in understanding, always being in a confusional state and get frightened easily by other people. For example, normal children are able to perform pretending play, whilst autistic children show less pretending tendency 27 .
Empathizing-systemizing theory
Systemizing refers to the collection and analyzing the things e.g. numerical systems, syntax of language etc. This theory explains that the autistic patients show social and communication difficulty due to a delay and defect in the empathy and systemizing system. This theory provides social and nonsocial features which help in characterizing the unique profile of an autistic patient. Based on this theory, the novel interventions such as DVD Mind Reading and computer software for learning of facial expressions are invented as the tools for treatment of autism 27 .
Weak central coherence theory
Children suffering from autism may lost details and hardly understand the system as a whole. Autistic children may perceive subjects as mathematic and engineer but may have trouble in understanding language skills 27 .
Executive dysfunction theory
The fact is that dysfunction of the prefrontal cortex affects the executive capability.
Autistic children are not able to administrate even the simplest functions e.g. planning, working memory, impulsion, control, inhibition, mental flexibility, shifting set and monitoring of action 28 .
Managements of autism Biologically based interventions
Up to the present time, there are no pharmacologic interventions that specifically target the core deficits of autism. However, there are some progressions in pharmacotherapy for control the behavioral symptoms associated with autism. Pharmacological interventions which have role in treatment of targeted symptoms in autism can be classified as:
Typical Anti-psychotics 1.
This medical class was originally developed to treat psychiatric disorders like schizophrenia. The samples of this medical class are haloperidol, fluphenazine, and thioridazine. Previous studies showed the modest improved control of behavioral symptoms of children with autism however there were significant side effects on the extrapyramidal motor system including stiffness (dystonia), restlessness (akathisia) and involuntary movements (dyskinesias) 29 .
Atypical Anti-psychotics 2.
This medical group has been developed in the last 20 years to minimize the effects on the extrapyramidal system of the typical antipsychotics. The samples of this medical class are clozapine, risperidone, olanzapine, ziprasidone, quetiapine. A numbers of studies using Risperidone, an antagonist of both dopamine (D
2
) and serotonin (5HT 2A and others) receptors, showed a well tolerated and efficacious in treating behavioral symptoms associated with PDD in children [30] [31] [32] [33] .
Recently, the combination therapy of risperidone and topiramate, a GABA-ergic agents, showed more advantages than using risperidone alone by reducing in irritability, stereotypic behavior and hyperactivity/noncompliance 34 . The recent studies also reported the efficacy of other medications such as for olanzapine, quetiapine, aripiprazole and ziprasodone for the treatment of behavioral symptoms in children with autism [35] [36] [37] .
Stimulants e.g. Methylphenidate 3. (Ritalin TM)
The classic sample for this class is methylphenidate (Ritalin). It has a primary target in treatment of inattention and hyperactivity and has been used increasingly for children with an autism spectrum disorder. However, the response to stimulants can be idiosyncratic with up to 1/3 experiencing increased hyperactivity, stereotypies, dysphoria or motor tics 38 .
Specific Serotonin Reuptake 4.
Inhibitors This medical class was developed and was used in the management of obsessivecompulsive disorder and anxiety disorders. The samples for this class are the tricyclic antidepressant clomipramine, the mixed antidepressant venlaflaxine and all selective serotonin reuptake inhibitors, fluoxetine, sertraline, paroxetine, fluvoxamine, and citalopram. The mechanism of action of this drug group is believed to link with serotonergic abnormalities in autistic patients. However, this medical group should be used with precaution due to an adverse reaction such as lowering seizure thresholds by clomipramine 39 , behavioural activation by fluvoxamine 40 . Extrapyramidal side effects have also been reported in autistic patients treated with this drug group 41 .
GABA-ergic agents 5.
The sample for this class is topiramate. The previous studies showed that topiramate had significant improvements with regards to hyperactivity, inattention and conduct symptoms in autism. However, an adverse event of cognitive dulling had observed in some treated patients. Further study is required to clarify the long term use and risk-benefit 42 .
Glutamatergic Agents 6.
The samples of this class are lamotrigine, D-cycloserine and amantadine. There are a limit numbers of studies regarding autism management, moreover, their efficacy had still inconclusive. Lamotrigine which modulated glutamate release had no significant effects for clinical improvement for autism compared with placebo 43 . D-cycloserine showed a significant improvement of social withdrawal and responsiveness in a small-sample size, single blind study 44 . Memantine, an adjuctive therapy, is an antagonist of the N-methyl D-aspartic acid (NMDA) glutamate receptor affecting production of glutamate. Decrease in amount of glutamate not only alleviates the induction of neuroinflammation but also improves learning behavior, social behavior, self-stimulatory behavior, and language ability 45 . Open label study showed the efficacy in improvement language, social behavior and self-stimulatory behaviors. There was no serious side effect observed in chronic use so far 45 .
Further study of a well-designed, large sample size, long term duration is required to explore the benefits and risks of this medical group. Nor Adrenergic Agents 7.
Clonidine had been reported to improve hyperactivity, aggression and irritability in autism. However, it should be used with precaution due to the adverse events include drowsiness, development of tolerance and risk of hypertensive crisis on withdrawal 46 .
Cholinergic Agents 8.
There are a limit numbers of studies of this drug class. Rivastigmine was reported in improvement of speech and overall behavior over a short-term study in autism 35 . Donepezil, a cholinesterase inhibitor, was reported to improve irritability and hyperactivity, but had no benefits for speech repetitive behavior or lethargy 47 . Further study to clarify the beneficially is required.
Beta Blockers 9.
There is no well research for beta blockers treatment for autism. However, some of them had been used to reduce anxiety in autistic patients 48 .
Psychodynamic interventions
These interventions are based on the hypothesis that autism is an emotional disorder caused by emotionally 'cold' parents, who subconsciously rejected their children (Jordan, 1999). There was some support evidence that severely traumatized children demonstrate autistic liked behaviors 49 . Psychodynamically oriented play therapies were keys in the psychodynamic therapeutic process 50 . The samples of phychodynamic interventions are: Holding therapy 1.
is the technique that holds the children tightly to ensure eye contact, with the aim of deliberately provoking distress, until he or she needs and accepts comfort 51 . It is based on that autism is caused by an 'anxiety dominated emotional imbalance', which could be ameliorated by Holding Therapy. However, There is no a good designed study to support this method.
Pheraplay therapy 2.
is therapy in which children are provided stimulating the various experiences intense enough to overcome the sensory impairments rather than learning specific play skills. This method based on the hypothesis that autism was a failure of emotional attachment compounded by sensory impairments DesLauriers 52 . However, There is no a good designed study to support this method 53 .
Developmental, Individual Difference, Relationship-based therapy (DIR), or "Floor time" approach, aims to assist children expressing their feeling and emotions by using interactive experiences and interactive play in a low stimulus environment 54 . Stanley Greenspan developed this theory that early developmentallybased intervention (as soon as the diagnosis done) will lead to the good outcome for children with autism 55 .
Behavioral interventions
Applied Behavior Analysis (ABA) is 1. applied by using principles of learning theory to increase and maintain the positive behaviors, to teach new skills, to transfer behavior from one situation to another, and to reduce the unfavorable or unacceptable behaviors (e.g. selfinjury or stereotypes) 53 .
Intensive Behavioral Intervention (IBI) and 2. Early Intensive Behavioral Intervention (EIBI) are based on the concept of that autistic children need special assistance for gaining skills as they show self-learning inability 53 .
Family-based Interventions
The 'Hanen Program' is useful to improve the verbal skills when children are taught under naturalistic strategies. 'More than words' strategy encourages parents to use facilitative tools during teaching communication skill to their child. The Joint attention strategy emphasizes an early social development related to later cognitive competence. The People Games strategy e.g. peek-a-boo is very helpful for the pre-verbal child to learn about communication, initiation and respond to various emotions 53 .
Complementary and Alternative Medications (CAM) Melatonin

1.
Autistic children usually have sleep disturbances caused by depletion of melatonin level with the evidence of high excretion of urinary 6-sulfatoxymelatonin (6-SM), a primary melatonin metabolite, detected in autistic children. Therefore, melatonin may ameliorate sleep problems of autistic children 56 .
Pyridoxine and magnesium
2.
Pyridoxine (vitamin B6) affects the formation of some neurotransmitters. The combination of pyridoxine with magnesium has been reported as the most effective, adjunctive treatment for autism as evidenced from the behavior rating scales, urinary excretion of homovanillic acid (HVA), and evoked potential (EP) recordings 57 . However, side effects such as sensory neuropathy, headache, depression, vomiting, and photosensitivity had been reported of the use of these medications in a large doses 51 .
Vitamin C
3.
Vitamin C, an antioxidative agent, regulates numerous metabolic pathways and acts as a cofactor for several neurotransmitter syntheses. In a 30-week double-blind, placebocontrolled trial, autistic children who received ascorbic acid at a dose of 8 grams per 70 kilograms per day for 10 weeks showed improvement in behavioral functions assessed by the Ritvo-Freeman scale 58 .
Vitamin B12
4.
Vitamin B12 is essential for methylation and its antioxidative effect is essential for vitamin B12 dependent methionine cycle. Deficiency of vitamin B12 causes optic neuropathy and visual loss in autistic children. Intramuscular vitamin B12 is a treatment to improve visual function of affected children 59 .
Dimethylglycine
5.
Dimethylglycine (DMG), also known as Dimethyl Glycine, Calcium Pangamate, Pangamatic Acid, Pangamic Acid, and Vitamin B15, has been reported to be beneficial in children with autism and pervasive developmental disorder. In a double-blind, placebo-controlled study 37 children of age group 3 to 11 years were diagnosed for autism and/or pervasive developmental disorder. They were randomly assigned to receive either placebo or dimethylglycine for 4 weeks. The parameters assessed were the Vineland Maladaptive Behavior Domain and the Aberrant Behavior Checklist. The results were skeptical as some children gained outcomes whilst others did not 60 .
Probiotics
6.
Autistic children had significantly high levels of pathogenic organisms particularly Clostridium histolyticum. Thus probiotics may useful to balance the environment of endogenous gastrointestinal flora 61 .
Omega-3 fatty acids 7.
Three types of omega-3 fatty acids are mainly discovered in human diet: alphalinolenic acid (ALA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA). Low level of omega-3 fatty acids was reported in autism. Moreover, in a therapeutic study of autistic children, omega-3 fatty acids can improve the autistic condition 62 .
Secretin
8.
Secretin is a peptide hormone secreted by the small intestine, which induces pancreatic secretions and suppresses gastric acid. Treatment with intravenous secretin may improve the behavioral outcome in some autistic cases and correlated to reduction of gastroesophageal reflux 63 . However, several randomized control trials failed to demonstrate its efficacy 64 .
Other Interventions
9.
Music therapy
The purposes of music therapy are to express various feeling, to improve verbal and gestured communication skills by using music and its element. A study of 50 autistic children aged 3 to 5 years old treated with music therapy (containing 6 songs and 36 pictures of target words) and speech therapy (containing 6 stories and pictures) revealed that both therapies improved the speech production either high or low functioning participants compared to the non-treatment group. For low functioning participants, music therapy seemed to provide better outcome than speech therapy 65 .
Acupuncture
In a study 12 sessions of acupuncture treatment for four weeks were given to autistic and sham group. The parameters for assessed were Functional Independence Measure for Children (WeeFIM), Pediatric Evaluation of Disability Inventory (PEDI), Leiter International Performance Scale-Revised (Leiter-R), and Clinical Global Impression-Improvement (CGI-I) scale etc. Acupuncture treatment was found to be 70% successful in children with an improvement in language skills and self-caring 66 . Acupuncture stimulation causes sensations of deqi, deactivation of a limbic-paralimbic-neocortical network, which encompasses the limbic system and activation of somatosensory brain regions. Acupuncture causes mobilization of the anti-correlated networks of the brain mediating its actions. The effects are dependent on the psychophysical response and are thus useful in autism 67 .
Massage
A randomized controlled trial study using the Conners' Rating Scales to assess the behavioral and emotional disturbances of autistic Thai children at 0 and 8 weeks after receiving Thai Traditional Massage (TTM) therapy revealed that there was therapeutic effect of TTM in improving the condition of autistic children 68 .
Hyperbaric Oxygen Therapy (HBOT)
Hyperbaric Oxygen Therapy (HBOT) is an emerging treatment of autism. Either setting of 1.3 atmospheres (atm) with 24% oxygen, or 1.5 atm with 100% oxygen lasting 45 minutes duration, 4-6 times a week for a total of 9 weeks had been researched by an open label pilot study in 18 autistic children aged from 3 to 16 years old. The study concluded that HBOT was effective in improving the clinical outcome regardless of oxygen and pressure used. HBOT also decreased inflammatory markers responsible for the worsening of autism's symptoms 69 .
Conclusion
Autism is influenced by multifactorial causes e.g. genetic defect, pre-and post-natal exposure to toxic environments, food allergy, and mercury. Copious theories have been proposed for pathophysiology of autism. Diagnostic confirmation of autism including NAPC, MAA, and Standardized Autism Diagnostic Tools are worldwide used. Until recently, there is no curative treatment for autism but various interventions under clinical trials have been well explored e.g. biologically based interventions, behavioral interventions, family based interventions and complementary and alternative medications (CAM). These should ameliorate symptoms of autism and optimize quality of life of children and their families.
